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;Q^pgr.r-^AT^r,KR WITH W^STPPATS 

Thi. invention relates to a turbocharger , incorporating a wastegate ar^d 
w^tegate actuator, and in particular relates to the n^anner in which the actuator . 

connected to the wastegate.. , ..^ , a« 

Turboch^r. are well Icnown devices for applying air to the mttke of an 
U,.em.l combusUon engine .. pressures above a»>o.pberic (boos, pre^ures), »i J 
widely used in auWmobUes a.d .be like. A conventional .urbocharger essen«ally 
comprise, an exhaus. ga. driven «rbine wheel mounted on a rotatable ^.«<^- ' 
t^bine housing. For insUu... in a c=n»ipe..l tibiae .he «»bine housing defines an 

annular inlet passageway around the turbine wheel ahd a generally 

outle. passageway extending fton, the nubine wheel. Roution of the .n«bme wheel 

,ota,es a contpreasor wheel mounted on the other end of the shaft within a oon^^or. 
housing. The compressor wheel deUvers compressed air to ^ intake mamfold of .he 
etigine, thereby increasing engine power. 

It is also well known provide «nboch.rgers wiA a bypass passageway 
between the exhaust inlet and ^ exhaust o^Ue. por^ons of the n^ine housmg to 
enable control of^cnnbocharger boost p^ssure. A wastegate valve.is located m *e 
passageway and is controlled to open *e passageway when the pressure -level ot.fte. 
Lost air increases ,o a predetermined level, thus .Udwing some of the exhaust gas » 
bypass fte nrtine wheel preventing ^ boost pressure from rising fWher. The 
was,eg«e valve is g«,erally actuated by a pneumatie acmator operated by boost an 
oreasure delivered by the compressor wheel. 

The convention^ pneumatic «=hmtor comprises a spring load«i draphragm 
housed within a canister (the wastegate ac,ua»,r can) which is moun.ed ,0 ^e 
compressor housing. The diaphragm acts on a competing rod which actuates fl.e 
wastegate valve assembly which is mounted in the nnbinebousmg. 

The actuator can is com>ected to the; compressor ouUet by a flexible hose to 
deUver boos, air to the can which acts on the diaphragm to oppose the sprmg b.as. 
The spring is selected, and the acmator and wastegate valve initially set, so that rmder 
low boost conditions the wastegate valve remains closed. However, when the boost 
pressure reaches a predetermined maximum the diaphragm is mov«l agamst the. 
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of .ha ^Hng and ope^s « open me wa.«ga« v=lve (v. eo^^g rod 
^d an.) *=«by allowing ^m. exhaust gaa .0 bypass *c tuAu. wh«L ^ 

in =onv«.tional a.a„gemen» the w^egate valve is mounted on a valve 
whieh extends tteough the tuAine housing -d which is rct««i .0 op«> M d-ethe 
,.lve. Roution of valve sten, is achieved by the recipn,calt„6t.on of me ao^»^ 

.d (as me spring loaded diaphragn. moves back and fo«h w.m» me .ch.»r^ 
canist«) via a lever ann Which links me end of mcac«.a.or rod to me valve stem. To 

. accommodate me moUon of the actuator rod. mere is a pivotable joir« between me. 
,^.r ann and me actuator rod. me opposite end of me lever arm betng secured 
(typically by weldmg) to me end of me valve stem. For accurate operahorr of me 
^„r i, is also important mat me diaphragm maintains aligmnent wtmm me 
oanis.er.andmusma.merodmain.«nsitsalignment.alo„gmeaxisofmec.nj..y. 

is mercfore taown to design me pivotal joint between me ach«tor rod and me lever 
arm to aUow a slight amount of movement along axis of me lever.arm to hmtt me 
tendency ofme actuator rod to be puUed off-line as it reciprocates. ; 

I. will be appreciated timt mc pressure at which me wastegate valve begms to 
open, known as me "Uft off point", is critical and must merefore must be v« 
. cLmily set wh«. me actual, and wastegate arc assembled to me turbocharger. W.m 
me conventional acmator assembly described above, initial set up is achreved by a 
process known as "weld to set". Th, actuator canister, actuating rod. and me lever 
arm arc pre-assembled, and mounted to me turbocharger. The wastegate valve t. men 
clamped shut &om wimin m. turbine housing and me actira«>r canister is pressunsed 
«, me desired Uft off pressure. Wim the diaphragm, actuator rod. and valve ttos held 
in meir respective reWve positions, immediately prior to Uft off. me end of me lever 
.mi is welded to me valve stem. Accordingly, any mcrease in me pressure st^ly «» 
me actuator above me predetermined Uft offpressure will cause me valve to open. 

It will be appreciated mat me pressure at which m. diaphragm of me actuMor 
Wns to move is dependent upon me rate of spring. Because tolerances to whtch 
springs can practically be manufectured mean mat mere ca^ be variations m spn^ 
„te ftom one spHng «, me n«t, it is conventional to employ, an 
,c,u.«>r rod «. enable me leng* of the rod to be «iiusted prior to weldmg me lever 
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^uai rt.« actuator rod and diaphragm are in, proper 
arm to the valve stem to ensure that the actuator roa 

aUgmnent with the actuator canister at the lift off point. 

-n.. steps involved in the weld to set process can therefore be summans d ^ 
molding the valve member inaclosed position; pressurising the actuator — 

ToTpressure; adjusting the length of the actuator rod. and then weldmg, the end .f 
the lever arm to the valve stem. ^ ^ * ' 

3„d lever and a novel me*od fo, setting fl« lift off point of *c,wa«eg..ev^^^^ 
Acoording .0 a aspect of the present invention .here . provd^ an 

actuator rod for a t»rt,ocharger pressure control assembly, the actuator rod co^npnamg 
a«r.te.ongateporUonde«ninga«rstrodend.»dasecondportio„de.^^se.nd 

rod end said first and second portions being pivotally Joined to one another to allow 
degree of relaave pivotal niotion between said two portions in a, least one plane 
perpendicutetotheaxisofsaidelongateflrstportion. 

1^ pivotal Join, between said ^rs. and second pordo^. preferably ^Icw 
pivoul motion in at least two orthogonal planes perpendicular ^ the axis of satd first 
• elong.teporticn,Forinstance.thepivo,aljointispreferablyaspheric.lJom.. 

According to a second «pect of the present invention there ts provded a 
pressure control actuator assembly for a mrbocharger. comprising a pneu»aUc 
actuator and an actuating rod according to any preceding clanu. 

According to a third aspect of the present invention there ,s provrded a 
turbocharger including a pressure control assembly comprising a pneumatic ac^tor 
. valve assembly, and an actuating rod according to any pr^eding clam. o« ^^f 
which is co,u,ected to the actuator and the other end of whtch 'V^— 
valve assembly, whereby the pneumatic actuator controls opera«on of the valve 
assembly via the actuator rod. 

Lording to a fourth aspect of the present invention titere is pt^vtded a 
nrethod of assembling a pressure control assembly of a turbocharger, the turbocharga 
comprising a turbine housing and a compressor, the pressure — 
comprising a valve assembly mounted withm the turbme housmg. a pneumattc 
ILr mounted to the turbocharger to reCve pressurised ^ ^m the com„ 
„ acutator rod extending from the pneumatic actuator, and a lever arm extendmg 
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valve assembly and ^ turtoe housing »d ^ ^ "^ "^^ 
1. „s^b.y. whe^eia five «=tuau» rod a rod wording to ono of c.^ 1 

4. the method comprising: 

ass^nbling 4c valve assembly lever arm on *e n^bmc ho»,.g 

^semblMg *e pneumatic aom^or and ac».»r rod as. sub-assemblyi . 
mounting the pneumatic ^«=r/acuating rod sub-assembly to the, 

turbocharger; and 

^curing the second portion of the actuator rod to the lever arm. , 

The actuator rod is preferably secured to tite lever arm by welding or oflrerwise 

'""""Lferably prior to securing ttte .actuator rod to the lever arm. the valve ! 
assembly is held in a closed position by appropriate clamping of ^^'^'^ ^ 
said pneumatic actuator is pressurised to a predetermined pres»^. *-eby to 
detcnnine the minimumpressure at which said valve will inusebegin to open. 

A specific embodiment of the present invention wUl now be descrtbed. by way 
ofexampleonly.withreferencet6theaccompanyingdrawings,mwh.ch: 

Figure 1 is a partly cut-away perspective view of a turbocharger mcorporatmg 

the present .invention; j«4=ft^^f 
Figure 2 is an enlargement of P-rt of Figure 1 viewed ftom a shghtly d,£f«en. 

angle and partly cut-away to reveal details of the wastegate vdve and actoator; ^ 

Fi^3 isasideviewoftheturbocharg^ofFi^ 1 inthedireCCnofarrow , 

A on Figure I . < i 4^ • ' 

Referring to the drawings, the illustrated nrtocharger is of a cenmpctal type, 
eomprisingaturbine indicated generally by the referencenumeral 1 '^^"'^ 
illustrated generally by the reference numeral 2. ' '"'r^^^^ I 

Housing 3 which houses a «.bi»e wheel 4. Similarly, the compressor 2 compa«»a. 
eompr:s.orhousingSwhichhousesacompr.sor Wheel 6.,..e..bn.ewh.l^^^ 

compressor wheel 6 are mounted on opposite ends of a common shaft 7. The «^me 
housing 3 »rd compressor housing 5 .rejoined together by a convenfonal crcular V- 

band clamp 8. 
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turbine housu.. 3 i> provided wifl. » exhaust inlet 9 ^ » : 
.as ouU« 10. Tl>e inlet 9 directs incoming exh«r». gas .o an angular inlet cbamb- 
tlh — turbine Wheel 4, ..e exh«- .a. flow, through the turbtne a^ 
into the outtet- 10 via e circular outlet opeuing which is coaxial with the wheel 
4 and directs exhaust gas to an outlet pipe 20. 

The turbine housing 3 also defines a bypass passageway 11 whtch 
cenununicates between the exhaust inlet 9 and the «cha„st -"J- — 
turbine wheel 4. The bypass passageway 11 conununicate. w.fl> the exhausUnl« 9 
™ a circular opening which is closed by *e vaive member 12a of a wastcga-e valve 
12 provided for controlling the flow therethrough. 

Operation of the wasteg«e valve 12 is controlled by a spring loaded pnewnaoc 
..tuator 13, which receives compressed air ftom the outtet volute 14 of ttie 
compressor 2. The actuator 13 comprises a diaphragm 15 mounted wifltin a ca».s«r 

(tse aotua^^r can) 16 on one end of an actuating n,d 17. The tod lT <«t««ls," 
fr^nt ofthe canister 16 towards me turbine housing 3 and the wastegate valve 12. 1%. 

diaphragm 15 hissed towards the rear of the actuator can 16 by a coU sprmg 8 

mounted coaxially aromtd the achrator rod 17 and acting between the diaphragm 15 

and the 6ont end of the actuator can 16. The actuator can 16 is closed a. its tear end 

by a cap 16a (which is crimped to the main body of the can). In the drawings the can 

16 is cut-away to reveal deudls of the spring 18 and diaphragm 15; it wrll be 

appreciated however that the can 16 is actually a closed unit, . „ , 

■ u < i. provided with a mounting bracket 25 lor 

The coinpressor housmg 5 is proviocu wiui 

mounting .he acmator 13. and a passageway 26 which commumca^s wrth fte 

compressor outlet volute 14 and the end of .he pipe 23. In the dra^^ (he 

«»pressor housing 5 is partly cut-away to show details of the P^sage 2a and 

ccnnection of the pipe 23. The passageway 26 is provided with an enlarged diameter 

annular opening 26a «, receive an 0-ring 24 which seats on a flange 23a of the 

connecting pipe 23. The mounting bradcet 25 comprises two forked- arms 25a^ 

25b which define slots 27 to receive actuator mounting, bolts 28 the shafts of wh,^ 

^ A thA ran 1 6 beine fixed, in position, by nuts 30 
extend ftom the actuator can 16, the can lo oemg n . i- 

threaded onto the bolts 28. 
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The a=«.a,or rod 17 i, U*«d u, v.lv. U vi. . .ever ^ 19 
.«..ed„.= endo.av.v=s,e..Owhichp.ses«..^.b„aK^lP"v.— 

17b at end (shown P«Uy cutaway m figures 1 and 2 to rcve 1 ' 
connected to a,e lever arm 19. m me position .hown » F.gurea and 2 *e 
aisphr^gm biased »«ards «>e bac. of the actuating can 16. wtU.be seen 
valve member 12a is in a closed position. • ; _ 

use, the wastegate valve IZ «iU i* low boost conditions be held closed by 
tt.e acUon of tbe ^ring 18 on the diapbragn. 15 which is connected to. -"^J* ; 
n However, once «-e pressure, in a>e compressor outlet volute ,4 rp«=hcs^ 
predetermined linu... the pressurised air tr^^mitted, to "J^ * 

connecting pipe 23 wUl push the diapb^gm 15 agains. the action of .ho apnng^ S 
thereby opening the wastegate valve to allow inlet cxhau« gas to bypass the b^bnte. 
12 way. t^e maximum boost pressure produced by the turbochar^er can. be 

controUed and limited ■ :„;i,i^c.i 

now to the spherical rod end joint, this comprrse. a.spherrcal 
„ rod end 17a and a cylindrical rod «^ piece IVb which provides a sodcet.^r 

spherical rod end 17a and which is welded to the lever arm. The sph«e^ rod 
join. na/lTb provides for relative movement between the actuator rod V7 and ti>e 
ever arm so tha. the acn..or rod 17 maintains its ahgnmen. wiflrfte ach^^or c«: as « 
^ciprocatcs back and The spherical rod end join. aUo obviatea tt. need » 

proL an adjusubl. length »=tuator rod 17. and enables a simpUfied se, up 

procedwe, as described beloAV. «;^t^uVe 
Since the spherical rod end join, I7a/17b provides for the n^essary .ptvotable 
movement between the actuator rod 17 and the lever ar»a 19, no separate pivo^ 1^. 
needs to be made between the lever arm 19 and the end piece 17b of «.e acb^r .^^ . 
Rsther, the lever arm is simply welded to both the wastegate valve stem ««1 fl. end 
"the aerator rod (i.e. the end piece 17b). h, contraat to the Itnown .weld tp s« 
methods described, above. ti>e lever arm .9 in accordance wi* U,e ^esen. m^^^^ 

p„.assembled together witir the wastegate valve rather titan as par. .'he; — 
Imbly. The l^er arm 19 is attached .0 the valve stem 20 be&re .he ac»a.or .ts 
mounted to the turbocharger. 
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TO set me H« off poin. *e valve is cl^ped .hu. and .he p.ss>^ - ^ 
„ increased to .he desired Uft off pressu«. However, in contrast to tao^ 
^Ids wi.h present invention it is.no. necessary to gain internal »=eess to the 
::^let to clalp the valve Shut, rather the valve canbeheldshnthya^P^^^ 

clamping of mo lever arm 19 which is already conneCed to me valve ..em. ^th he 
vtZ clan^ped in the closed position, the end piece 17h of the ach^« rpd 17 ts 
n Within I p»t cylindrical portion 19a of the lever amr 19 and the two are 
Id^itogemer a. two points. I. will be appreciated that mere is therefore no need .o 

;:^!:d= i ^^^^^ — ^ ~ -^'^^ ^^^r: 

L is automatically detemnned at set up hefore m. rod is welded to me lever arnt 19 
,in,.y hy positioning me rod end piece 17b on the lever arht 19 VariaUons ,n s^n 
rate! lin simply mean mat me «cact position of me lever arm 19 along me axtsof . me 
acmatorrcdnmayvaryftomoneturbochargertomenext. ^ ^ 

dearly positioning of me lever arm 19 oh me valve stem 20 w,ll have „ be m 
a pred^ennined location to ensure mat it extends in me correct orientation to r«e.ve 
me end of me actuator rod 17. but a certain amount ot«,lerance wiUbe allowed for by 
me pivotal fteedom of me spherical rod end joint. Similarly, me ^^'^^^^'^ 
j„i„t wiU aUow for any sU^ misaUgnment of me actuator rod 17 as a res^t of any 
variation in me exact positioning of me actuator can on me bracket 25. The degree of 
ft^dom of movemem provided by me spherical rod end Joint does no. havo^y 
averse affect of m. oper^ion of me actuator, since wim me valve closed me rod 17 

in tension. - «^*v» 

I, WiU merefore be appreciated mat me setting operation m accordance wrm 

tt.e present invention has advantages ove, mc prior art weld to set rnemods, 

particularly in mat the valve can be held in a closed position by a clamp apphed .0 a 

Lr arm external of me turbine houah,g. andmat mere is no need to adjust me lengm 

ofme actuator rod prior to malting me weld. ^ . 

It will be apprecia*.! mat v«ious modifications could be made to me 

embodiment of the invention described above. For instance. altem«ive foms^of 

pivotabl. joint could be used in place of *e. spherical rod end jom. 17a ar^d 17b. 

Aimough preferably mejoint should allow movement in ormogonal directions (toja^ 

accounfof any misalignment of me rod due to maccu^te positiomng of me acmati. 
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pivotog in . single phu-e. Tta- a ««-Sh. fi-rward pivotal or tange ,om 

in place ofthesphericalTOd end joint. „oroptiately sldlled 

Other possible modifications will b= evdcn. » the appropn 


person. 
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I Anactua«>rrc>dfora«.bochaxgerpre3»rcconWl-sembly,fl>e=<^^^ 

comprising a firs, dongatc portion defining . to. red md, and a P"*™ 
a s«:cnd rod ^ ..id fir,, and a.ond por^ons being pivo..J.^«i » - 
!:r« .o ailo. a degr^e of reUUve pivotal n..icn b«w=» said «,o por^ons n. a. 
leaat one pUno P«pcndicular tt> .he axis of aaid elonga.e fire, porhon. 


a . An acmafor rod recording » claim 1. wherein .he pivoUl join. be.wcen said 
to. second poruons allows pivoial nation in a, leas, ^^o orttogonal planes 
perpendicular to ttie axis of said firs. elonga.e pornon. 

3. ■ An rod acconJing to claim 2, wherein flie pivoU join, is a spherical 

joint. 


4 An aemalor rod according .o claim 3, wbe«in said spherical joint comprises a 
spberieal fonna.ion defined by one of said firs, and second portions, and ^ 
defined by ^ otirer of ssid firs, and second portion, to rece.ve sa,d spher,cal 

formation. 

5 A pressure conttol «=h.a.or assembly for a habocharger. cornprising a 
pneumatic actuator and an acmating rod according to any preceding dann. 

6 An acmator assembly according to claim 5, wherein tire pneum..ic acma.^ 
comprises a spring loaded diaphrapn housed wittnn a pressure chamber, sard 
diaphragm being attached to said first end of 4e acmator rod. 

7 A ^rbocharger including a pressure conttol assembly comprising., pneumatic 
acmator. a valve assembly, and an acti^ting rod according to any preceding ctam one 
end of whicKis comrected to «.e acmator and .he Cher end of which rs comrec«d to 
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valv. a.s».b,y. wh=..y P^eunutic .»a«>x c.».1.1s ope^acn of *e vaWe 
assembly via the actuator rod. 

.i«im 7 wherein the actuator comprisos a spring 
8 A turbocharger according to claim 7. wnerem „,«„„-te 

ft„n> the valve assembly by way of which the valve is operated. 

A turhooharger according to claim 8, wteein said seco«l ponibn of ti« ' 
actuator rod is welded to said level aim. 

,0 A method of ass«nbling a pressure eoutrol assembly of a turbocharg« 
IJLZ -prising a mrbine housirrg and a compressor, the assure co«.ro 

compriLg a valve assembly mounted within the turbme ho^^. 
^La c aoultor mounted to .e h^bocharger to receive ^ ^^^^ 

Lpressor. an actuator rod extending ^ the pneumaUe -^^^^^^^^^ 
extending ftom the valve assembly «.d the mrbine housmg «>d hr*mg the »=tuator 
:nrre valve assembly, wherein the acmator rod is a rod according to any ope of . 

claims 1 to 4, the method comprising: 
■ assemblingth.valve.sscmblyaudleverarmon,hen.binehousm8 

assembling the pneumatic actuator and ac^atorrod as a sub^aasen*^. 
mounting the pneumatic actuator/actuating rod sub-assembly to the 

turbocharger; aod . ^ 

securing the second portion of the actuator rod to the lever arrn. 

-J- , M.™ 1 0 Wherein the actuator rod is secured to tile 
U. A method accordmg to clami 10, wnerem u 

lover arm by welding or otherwise bonding. 

A method accorfir-g to Cairn .0 or claim 11. wherein prior to secu^r the 
Llator rod to ti>e iever arm. the valve assembly is held in a Cosed posrtion by 
:^.e clsmping of tire lever arm and said pneumatic acnra«.r .s pressurrsed to 
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p^ace^in^i pres^. .hceby .0 detem^= *e nunimu. prc^u. .< which said 

valve will in use begin to Open. 

13 An actu»»r rod for a turbocharga pressure eonttol apparatus, subsmtially a. 
hereinbefore described. vrilhre»r«ce to the a«:o^^yingdra^«^gs. 

1, An actuator assembly for a turbocharger pressure control apparatus, 
, substantially as hereinbefore described, with reference to a., acconrpanying drawmBS. 

15. A turbocharger substantially as hereinbefore described with reference to the 

accompanying (drawings. 

16. A method of assembling components of a turbocharger. substantially as 
hereinbefore descdbed with reference to the accompany drawings. 

17 Amethodofsettingtheopeningpressureofavalveofati^bocha^erpressure 
control assembly, substantially as hereinbefore described with reference to the 

accolnpany drawings. 
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